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(54) VARIABLE WAVELENGTH GRATING WAVEGUIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To vary the grating 
wavelength by utilizing refractive index variation by 
arranging a filler in a groove formed In the upper 
part of the core of an optical waveguide and thus 
forming an upper clad. 





— i*"^^^'*' SOLUTION: The groove which is deep up to right 



— ^2T*^>dP above the core 3 is ground in two arm waveguides 
by reactive ion etching and this groove is filled with 
Uriiti^SlE ^ fluorinated epoxy resin 6 containing a self-hold 

type photochromic material whose refractive index 
is adjusted. Further, a driving device for a 
small-sized xenon flash lamp is prepared to 
irradiate the fluorinated epoxy resin 6 with pulses 
of ultraviolet rays and visible light. Then the flash 
light of the ultraviolet rays or visible light is blinked at fixed blinking frequency. 
Consequently, arbitrary branch wavelength can be varied and the waveguide can hold the 
selected wavelength by itself without any electric power. 
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AlO-239645 
*-NOTICES * 

JPO and NCIPI are not responsible for any damages caused by the use of this translation, 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 



[ClaimCs)] 

[Claim 1] Wavelength adjustable grating waveguide characterized by arranging a filler on the slot formed in the 
upper part of the core of this optical waveguide in the optical waveguide which has the core of the quartz system 
formed on the flat surface substrate, and clad structxu^ and, by which the grating is formed in a part of core, and 
considering as an up clad. 

[Claim 2] Wavelength adjustable grating waveguide characterized by being the organic compound with which this 
filler contains the refiractive -index self-hold mold photochromic compound which fixes [ adjustable and ] a refi-active 
index in claim 1. 

[Claim 3] Wavelength adjustable grating waveguide characterized by considering as the structure of arranging a 
heater on the upper part of this organic compound, in claim 1, using an organic compound as this filler. 
[Claim 4] Wavelength adjustable grating waveguide characterized by arranging a filler on the slot formed in the 
optical waveguide which has the core of the quartz system formed on the flat surface substrate, and clad structure 
and, by which the grating is formed in a part of core so that the upper part and the flank of a core of this optical 
waveguide might be exposed, and considering as an up flank clad. 

[Claim 5] Wavelength adjustable grating waveguide characterized by being the organic compound with which this 
filler contains the refractive -index self-hold mold photochromic compound which fixes [ adjustable and ] a refiractive 
index in claim 4. 

[Claim 6] Wavelength adjustable grating waveguide characterized by considering as the structure of arranging a 
heater on the upper part of this organic compound, in claim 4, using an organic compound as this filler. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the grating waveguide which can carry out adjustable [ of the 

wavelength used in the optoelectronics field and the optical-communication field ]. 

[0002] 

[Description of the Prior Art] Sorting of the specific wavelength of the Hght multiplexed in the fight wave length 
division multiplex (WDM) transmission technique becomes important. In this light wave length division multiplex, 
the quartz system optical waveguide in which the grating was formed for wavelength sorting serves as a component 
of an important key device. Since this waveguide uses the quartz system ingredient, it has the property excellent in 
the Takayasu quaUty, a low propagation loss, etc. 

[0003] If this waveguide is used, a wavelength filter with smaU and easy structure, a resonator, a selection 
wavelength branching insertion circuit, etc. are producible, for example, in the selection wavelength branching 
insertion circuit, it consists of Mach TSUENDA interference circiiits with the equivalent two arm grating waveguide 
inserted with two 3dB couplers, and has the engine performance with the easy configuration (the collection of the 
Institute of Electronics and Communication Engineers 9th optical fiber appUcation [ besides Naoto Uetsuka ] 
technical research meeting lecture drafts, and a plaza • **** - Okinawa and 1996). 

[0004] Since that wavelength is determined for this selection wavelength branching insertion circuit by formation of 
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the grating at the time of component production according to Uetsuka's and others report, selection wavelength is 

fixed. 

[0005] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is in quartz system grating optical 
waveguide to oflFer the wavelength adjustable grating waveguide which enabled it to change grating wavelength by 
carrying out adjustable [ of the elBFective refractive index of grating waveguide ] using the refractive -index change by 
the photochemical reaction or thermooptic effect of the charge of a clad plate. 
[0006] 

[Means for Solving the Problem] This invention is characterized [ main ] by using the macromolecule which includes 
contiguity in the 1st page of a core, or the 3rd page, and includes organic polymeric materials or a self hold mold phot 
chromics material in the touching part as a clad in the core of the quartz system formed on the substrate, and the 
grating optical waveguide of a perfect embedding mold which has clad structure. 

[0007] All consist of quartz glass and the quartz system grating waveguide of a Prior art had the fault that the 
effective refractive index of waveguide was uncontrollable. Consequently, it was not able to carry out adjustable [ of 
the grating wavelength ] to arbitration. The point which enabled it to control grating wavelength by changing the 
upper part of quartz glass or a part of up flank clad into the organic macromolecule containing an organic 
macromolecule or a self-hold mold phot chromics material, and changing the refractive index of these macromolecules 
differs from the conventional technique, 

[0008] [Function] -- generally grating wavelength lambdag is expressed with a degree tj^e. 
lambdag=2x Nef&dambda - (l) 

Here, Neff is the effective refractive index of waveguide and lambda is the pitch of a grating. In the quartz system 
grating waveguide produced by the Prior art, an effective refractive index Neff and a pitch lambda are unchangeable. 
[0009] With a certain means, if an effective refractive index Neff and a pitch lambda are changeable, grating 
wavelength lambdag can be changed. Here, we decided to carry out adjustable [ of the grating wavelength lambdag ] 
by changing the effective refractive index of grating optical waveguide. 

[00 10] An effective refractive index is changeable by making it change, as single mode guided wave conditions are 
maintained for the refractive index of the clad which constitutes waveguide. If a part of quartz clad is transposed to a 
giant molecule and the refractive index of this giant molecule is changed, it comes to be able to carry out adjustable 
[ of the grating wavelength ]. Although the refractive index of a macromolecule was changeable by various 
effectiveness, such as the electro-optical effect, the refractive -index change by the phot clo MIKKU photochemical 
reaction of a macromolecule and the temperature change of a macromolecule was used here. 

[00 11] Therefore, wavelength adjustable grating waveguide is realizable by irradiating ultraviolet rays and a visible 
ray by using the macromolecule containing giving this a temperature change or a phot chromics material as a clad, 
using a macromolecule as a clad. 
[0012] 

[Embodiment of the Invention] 

[Example l] The first example of this invention is shown in drawing 1 -3. This example is an example appUed to the 
wavelength adjustable selection wavelength branching insertion circuit, and is the structure which sandwiched the 
two wavelength adjustable grating arm waveguide 12 with two 3dB couplers 9. 

[0013] The plan in which drawing 1 shows the structure of this circuit, the sectional view according [ drawing 2 ] to 
vertical profile Une II-II to the arm waveguide 12, and drawing 3 are the sectional views by profile line III-III parallel 
to the one arm waveguide 12. 

[0014] For an incidence port and 9, as for an outgoing radiation port and 11, 3dB coupler and 10 are [ the fluorination 
epoxy resin with which the grating for which a lower clad and 3 used the core for and, as for one, 4 used the 
refractive -index difference, as for a silicon substrate and 2, and 5 contained the up flank clad among drawing, and 6 
contained the self-hold mold phot chromics material 10% and 7 / an incidence port and 8 / an outgoing radiation port 
and 12 ] grating arm waveguides. 

[0015] As a self- hold mold phot chromics material, although there were a fiilgide mold photochromic compound and a 
diaryl ethene system photochromic compound, 1 and 2 bis(2 methyl (benzob) thiophene 3 IRU) perfluoro cycloaUcene 
(English name: 2-Bis[2-Methylbenzo[b] thiophen-3-yl] perfluorocycloalkene) which are the latter typical compound 
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here were used. 

[0016] The produced wavelength adjustable selection wavelength branching insertion circuit operates in a 
1.55-micrometer wavelength band, and is 10mm in 0.75% of relative index differences of core diameter 
6.5micrometerx6.5micrometer, a core, and a clad, and die length of arm waveguide. A pitch is excimer laser 
(wavelength of 248nm) about the grating whose refractive-index difference is 0.53 micrometers in 0.001 at this arm 
waveguide. It produced. 

[0017] Spacing of the arm waveguide 12 was 100 micrometers, and the depth deleted the slot of the depth to right 
above [ of a core 3 ] by reactant ion ETCHIINGU by width of face of 200 micrometers, and die length of 8mm on this 
two arm waveguide 12, and it was filled up with the fluorination epoxy resin 6 which contained the self-hold mold 
phot chromics material which adjusted the refractive index to this slot 1.444 10%. 

[0018] For operating the produced wavelength adjustable selection wavelength branching insertion circuit, incidence 
of the laser light with which n waves of wavelength lambdan was multiplexed by the incidence port 7 from 
wavelength lambda 1 in the 1.55-micrometer wavelength range is carried out. Then, the wavelength lambda 1 
equivalent to grating wavelength lambdag can be taken out from a port 8, and wavelength lambda 1 can be branched. 
The remaining wavelength multiplexing Ught lambda 2 by which the signal of lambda 1 was removed - lambdan can 
be taken out from a port 11. 

[0019] Moreover, if incidence of the light of lambda 1 removed from the port 10 is carried out, in a port 11, the 
wavelength multiple signal of lambda 1 which added lambda 1 to lambda 2 - lambdan - lambdan can be taken out. 
Thus, since branching and insertion can do wavelength equivalent to the Bragg wavelength alternatively, the signal 
of the wavelength decided from the wavelength multiplexing hghtwave signal under fiber transmission can be taken 
out, or it can add. The 3dB band of grating waveguide was 0.3nm, and both the transparency and return loss of 
grating wavelength lambdag were 20dB or more. 

[0020] It performed adjustable [ of grating wavelength lambdag ] as follows. The small xenon flash tube with a 
diameter [ of about 1mm ] and a die length of 10mm has been arranged in parallel with 2 arm waveguide 12 right 
above [ of both the arm waveguide 12 ]. One of this lamp equips with an ultraviolet-rays cut-off filter, and it has 
already equipped - book with the visible cut-off filter. The wavelength of each cut-off filter was set as 500nm. 
[0021] The driving gear of a small xenon flash tube is prepared, and it enabled it to irradiate the fluorination epoxy 
resin 6 which contained the self hold mold phot chromics material which filled up the arm waveguide upper part with 
the pulse of ultraviolet rays and a visible ray 10%. 

[0022] Incidence of the six* wave multiple signal from 1.5505 micrometers to 1.553 micrometers was carried out fix)m 
the port 7 at intervals of [ of 0.5nm ] wavelength. At this time, Kght with a wavelength of 1.5505 micrometers was 
observed from the port 8, and the lightwave signal with a wavelength of 1.551*1.553 micrometers was observed from 
the port 11. When the driving gear of the small xenon flash tube which equipped with the visible cut-off filter here 
was turned on and ultraviolet-rays flash plate light was blinked 5 times, 1.551-micrometer Hght was observed by the 
port 8 instead of Ught with a wavelength of 1.5505 micrometers, and the wavelength multiple-signal Ught from which 
the Ught of wavelength with a wavelength of 1.551 micrometers escaped was observed by coincidence from the port 11. 
[0023] And self-hold stabiUzation of the condition was carried out. The count of flashing of ultraviolet rays flash plate 
Ught was able to be increased, and sequential change of the branching wavelength of a port 8 was able to be carried 
out to 1.53 micrometers. On every wavelength, the selection wavelength was maintained and prolonged self-hold 
stabflity was maintained. 

[0024] In order to shorten branching wavelength conversely, when it turned on the driving gear of the small xenon 
flash tube equipped with an ultraviolet cut off filter and a visible flash plate Ught was bUnked twice shortly, 
1.5525-micrometer Ught was observed by the port 8 instead of Ught with a wavelength of 1.553 micrometers, and the 
wavelength multiple -signal light from which the Ught of wavelength with a wavelength of 1.5525 micrometers 
escaped was observed by coincidence from the port 11. Branching wavelength moved to short wavelength one by one 
by increasing the count of flashing of a visible flash plate Ught, and, finally the branching wavelength of 1.5505 
micrometers was observed. There was long-term self- hold stabiUty similarly on this branching wavelength. 
[0025] Thus, adjustable [ of the branching wavelength of arbitration ] could be carried out because only the fixed 
count of flashing bUnks the flash plate Ught of ultraviolet rays or a visible ray, and self-hold of the selection 
wavelength was able to be carried out with non-power. The above thing was the thing same also about the insertion 
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wavelength which carries out incidence from a port 10 as branching wavelength and coincidence. 
[Q026] As mentioned above, it not only carries out adjustable, but compared with the conventional selection 
wavelength branching insertion circuit, it can stabilize the selection wavelength now with non*power using self-hold 
nature. Since this circuit uses grating waveguide for coincidence, it has the description of being simpler than the 
wavelength adjustable selection wavelength branching insertion circuit which used the conventional array 
waveguide grid, and small. 

[0027] [Example 2] The second example of this invention is shown in drawing 4 -6. This example is an example 
applied to the wavelength adjustable selection wavelength branching insertion circuit, and is the structure which 
sandwiched the two wavelength adjustable grating arm waveguide 12 with two 3dB couplers 9. 

[0028] The plan in which drawing 4 shows the structure of this circuit, the sectional view according [ drawing 5 ] to 
vertical profile line V-V to the arm waveguide 12, and drawing 6 are the sectional views by profile line VI -VI parallel 
to the one arm waveguide 12. 

[0029] the inside of drawing, the grating for which in a silicon substrate and 2 a lower clad and 3 used the core for and 
4 used [ one ] the refractive -index difference, and 5 an up flank clad and 7 an incidence port and 8 - for an 
outgoing radiation port and 11, as for grating arm waveguide and 13, an outgoing radiation port and 12 are [ an 
incidence port and 9 / 3dB coupler and 10 / a fluorination epoxy resin and 14 ] the heaters of chromium / golden 
vacuum evaporationo. 

[OOSO] Since change of the refractive index by heating of a heater 14 becomes large with the adjustment of the 
refractive index so that the temperature coeflBLcient is large, the resin with which a slot is filled up is desirable. 
Although the temperature coefficient of the refractive index of the fluorination epoxy resin 13 was -3x10-4, resin with 
the temperature coefficient of the refractive index more than this and an EQC was also usable. 

[0031] For example, they are rubber-Uke EVA resin (-3.3x10-4), siloxane gel (-3.5x10-4), polyolefine system polyol 
(-7x10*4), etc. The produced wavelength adjustable selection wavelength branching insertion circuit operates in a 
1.55-micrometer wavelength band, and 0.75% of relative index difierences of core diameter 
6.5micrometerx6.5micrometer, a core, and a clad and the die length of the arm waveguide 12 are 10mm. The 
refractive-index difference produced the grating whose pitch is 0.53 micrometers by excimer laser (wavelength of 
248nm) by 0.001 to this arm waveguide 12. 

[0032] Spacing of the arm waveguide 12 was 100 micrometers, and on this two arm waveguide 12, the depth deleted 
the slot of the depth to right above [ core ] by reactant ion ETCHIINGU by width of face of 200 micrometers, and die 
length of 8mm, and it was filled up with the fluorination epoxy resin 13 which adjusted the refractive index to this 
slot 1.444. Actuation of the produced wavelength adjustable selection wavelength branching insertion circuit is as 
having been shown in the example 1. 

[0033] Both the transparency and return loss of grating wavelength lambdag of the 3dB band of grating waveguide 
were 20dB or more in 0.3nm. Heating of the heater 14 installed on resin 13 performed adjustable [ of grating 
wavelength lambdag ]. Whenever [ stoving temperature / of a heater 14 ] was measured with the thermocouple placed 
on the heater 14. Incidence of the six-wave multiple signal from 1.5505 micrometers to 1.553 micrometers was carried 
out from the port 7 at intervals of [ of 0.5nm ] wavelength. At this time, from the port 8, outgoing radiation of the light 
with a wavelength of 1.5505 micrometers was carried out, and the lightwave signal with a wavelength of 1.551-1.553 
micrometers was observed from the port 11. 

[0034] When the heater 14 was turned on here and temperature was raised from 20 degrees C to 35 degrees C, 
instead of light with a wavelength of 1.5505 micrometers, outgoing radiation of the 1.551-micrometer light was 
carried out to the port 8, and the wavelength multiplexing light which lacked the Ught of wavelength with a 
wavelength of 1.551 micrometers was observed by coincidence from the port 11. When incidence of the 
1.551-micrometer light was carried out from the port 10, the wavelength multiple signal with which 
1.551-micrometer light was added was observed by the port 11. Furthermore temperature was raised, branching 
wavelength became 1.553 micrometers in the place which became 60 degrees C, and outgoing radiation of the 
1.553-micrometer Ught was carried out to the port 8. 

[0035] The observation of (degree C) and branching wavelength was shown in drawing 7 whenever [ stoving 
temperature / of a heater 14 ]. Although branching wavelength is kept constant, it is necessary to pass a current, and 
it is necessary to keep temperature constant by the approach using this heater 14. An average change rate is less 
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than one ms, and is suitable for the change of branching wavelength, or sweep actuation of branching wavelength at 
high speed. As mentioned above, compared with the conventional selection wavelength branching insertion circuit, it 
is simple, and is small, and the branching wavelength change of the high speed of one or less ms was completed. 
[0036] [Example 3] The third example of this invention is shown in drawing 8 * drawing 10 . This example is an 
example appUed to the wavelength adjustable selection wavelength branching insertion circuit, and is the structure 
which sandwiched the two wavelength adjustable grating arm waveguide 12 with two 3dB couplers 9. 
[0037] The plan in which drawing 8 shows the structure of this circuit, the sectional view according [ drawing 9 ] to 
vertical profile line IX-IX to the arm waveguide 12, and drawing 10 are the sectional views by profile hne X X parallel 
to the one arm waveguide 12. 

[0038] As for the fluorination epoxy resin with which a core and 5 contained the up flank clad and, as for a silicon 
substrate and 2, 6 contained the self-hold mold phot chromics material for one 10%, as for a lower clad and 3, and 7, 
an incidence port and 8 are an incidence port and the grating to which in 3dB coupler and 10 an outgoing radiation 
port and 12 were produced by grating arm waveguide, and an outgoing radiation port and 11 produced [ 9 ] 15 by 
ETCHIINGU of a core among drawing. 

[0039] As a self hold mold phot chromics material, although there were a fiilgide mold photochromic compound and a 
diaryl ethene system photochromic compound, the latter typical compound 1 and 2 bis(2 methyl (benzob) thiophene 3 
IRU) perfluoro cycloalkene (English name: 1, 2-Bis[2-Methylbenzo[b] thiophen-3-yl] perfluorocycloalkene) were used 
here. 

[0040] The produced wavelength adjustable selection wavelength branching insertion circuit operates in a 
1.55-micrometer wavelength band, and is 1mm in 1.0% of relative index differences of core diameter 
4micrometerx3micrometer, a core, and a clad, and die length of the arm waveguide 12. Once deleting the up clad of a 
circuit to the upper part of a core 3 by reactant ion ETCHIINGU, interference exposure of the resist was carried out 
and the physical grating 15 whose pitch is 0.5 micrometers in reactant ion ETCHIINGU was formed in the arm 
waveguide part. It left this grating part and the up clad was re-produced. Next, the grating part which it left was 
filled up with the fluorination epoxy resin 6 which contained the phot chromics material 10%. 

[0041] Actuation of the produced wavelength adjustable selection wavelength branching insertion circuit is as having 
been shown in the example 1. Both the transparency and return loss of grating wavelength lambdag of the 3dB band 
of grating waveguide were 20dB or more in 0.3nm. 

[0042] Adjustable [ of grating wavelength lambdag ] has arranged the small xenon flash tube with a diameter [ of 
about 1mm ], and a die length of 15mm in parallel with 2 arm waveguide 12 right above [ of both the arm waveguide 
12 ] like an example 1, l^Unked this, and it performed it. Incidence of the six-wave multiple signal fi-om 1.5505 
micrometers to 1.53 micrometers was carried out from the port 7 at intervals of [ of 0.5nm ] wavelength. At this time, 
Ught with a wavelength of 1.5505 micrometers was observed from the port 8, and the Ughtwave signal with a 
wavelength of 1.551-1.553 micrometers was observed from the port 11. 

[0043] When the driving gear of the small xenon flash tube which equipped with the visible cut-off filter here was 
turned on and ultraviolet-rays flash plate Ught was bUnked 4 times, 1.551-micrometer Hght was observed by the port 
8 instead of light with a wavelength of 1.505 micrometers, and the wavelength multiplexing Ught from which the 
Ught of wavelength with a wavelength of 1.551 micrometers escaped was observed by coincidence fix)m the port 11. 
And self-hold stabilization of the condition was carried out with non-power. Continuously, in order to change 
branching and insertion wavelength, the count of flashing of ultraviolet-rays flash plate Ught was able to be increased, 
and the branching wavelength from a port 8 was able to be changed to 1.553 micrometers one by one. Also on each 
wavelength, the condition was maintained and prolonged self-hold stabflity was checked, 

[0044] In order to shift branching wavelength to short wavelength conversely, when it turned on the driving gear of 
the smaU xenon flash tube equipped with an ultraviolet cut-off filter and a visible flash plate Ught was bUnked twice 
shortly, 1.5525-micrometer branching light was observed by the port 8 instead of Ught with a wavelength of 1.553 
micrometers, and the wavelength multiplexing light from which the Ught of wavelength with a wavelength of 1.5525 
micrometers escaped was observed by coincidence from the port 11. Branching wavelength moved to short 
wavelength one by one by increasing the count of flashing of a visible flash plate Ught, and, finaUy outgoing radiation 
of the branching wavelength of 1.5505 micrometers was carried out. 

[0045] Thus, adjustable [ of the branching wavelength of arbitration ] could be carried out because only the fixed 
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count of flashing blinks the flash plate light of ultraviolet rays or a visible ray, and self-hold of the wavelength was 
^le to be carried out with non-power. As mentioned above, it not only carries out adjustable, but compared with the 
conventional selection wavelength branching insertion circuit, it can stabilize the selection wavelength now with 
non-power using self-hold nature. Since this circuit uses grating waveguide for coincidence, it has the description of 
being simpler than the wavelength adjustable selection wavelength branching insertion circuit which used the 
conventional array waveguide grid, and small. 

[0046] [Example 4] The fourth example of this invention is shown in drawing 11 - drawing 13 . This example is an 
example applied to the wavelength adjustable selection wavelength branching insertion circuit, and is the structure 
which sandwiched the two wavelength adjustable grating arm waveguide 12 with two 3dB couplers 9. 
[0047] The plan in which drawing 11 shows the structure of this circuit, the sectional view according [ drawing 12 ] to 
vertical profile Une XII XII to the arm waveguide 12, and drawing 13 are the sectional views by profile Une XIII-XIII 
parallel to the one arm waveguide 12. 

[0048] the inside of drawing, and 1 • a silicon substrate and 2 - for an up flank clad and 7, as for an incidence port 
and 9, an incidence port and 8 are [ a lower clad and 3 / a core and 5 / 3dB coupler and 10 ] an outgoing radiation port 
and the grating to which in an outgoing radiation port and 12 a fluorination epoxy resin and 14 were produced at the 
heater of chromium / golden vacuum evaporation©, and grating arm waveguide and 13 produced [ 11 ] 15 by 
ETCHlINGUofacore. 

[0049] This structure operates by the same principle as what was shown in the example 2, and a different point is the 
structure of the grating arm waveguide 12. Although the grating was formed now using the phenomenon in which the 
refractive index of quartz glass becomes large slightly by UV irradiation, in the example 2, the physical grating 15 is 
formed in a direct core by ETCHIINGU in this example. Since change of the refiractive index by heating of a heater 14 
becomes large with the adjustment of the refiractive index so that the temperature coefficient is large, the resin with 
which a slot is filled up is desirable. 

[0050] Although the temperature coefficient of the refi-active index of the fluorination epoxy resin 13 was -3x10 4, 
resin with the temperature coefficient of the refi-active index more than this and an EQC was also usable. For 
example, they are rubber-Hke EVA resin (-3.3x10*4), siloxane gel (-3.5x10-4), polyolefine system polyol (-7x10-4), etc. 
[0051] The produced wavelength adjustable selection wavelength branching insertion circuit operates in a 
1.55-micrometer wavelength band, and 0.75% of relative index differences of core diameter 
6.5micrometerx6.5micrometer, a core, and a clad and the die length of the arm waveguide 12 are 10mm. 
[0052] Once deleting the up clad of a circuit to the core right above section by reactant ion ETCHIINGU, interference 
exposure of the resist was carried out and Bitsch formed the 0.5-micrometer physical grating in the arm waveguide 
part by reactant ion ETCHIINGU. It left this grating part and the up clad was re-produced. At this time, the metal 
mask was put on the arm waveguide upper part, the partial slot was formed, and it was fiUed up with the fluorination 
epoxy resin 13 which adjusted the refiractive index here. 

[0053] Actuation of the produced wavelength adjustable selection wavelength branching insertion circuit is as having 
been shown in the example 1. Both the transparency and return loss of grating wavelength lambdag of the 3dB band 
of grating waveguide were 20dB or more in O.Snm. Heating of the heater 14 installed on resin performed adjustable 
[ of grating wavelength lambdag ]. Whenever [ stoving temperature / of a heater 14 ] was measured with the 
thermocouple placed on the heater 14. Incidence of the 6 Namita [ Shigenobu ] number from 1.5505 micrometers to 
1.53 micrometers was carried out from the port 7 at intervals of [ of 0.5nm ] wavelength. 

[0054] At this time, light with a wavelength of 1.5505 micrometers was observed fix)m the port 8, and the Ughtwave 
signal with a wavelength of 1.551-1.553 micrometers was observed firom the port 11. When the heater 14 was turned 
on here and temperature was raised from 20 degrees C to 40 degrees C, 1.551 -micrometer Ught was observed by the 
port 8 instead of light with a wavelength of 1.5505 micrometers, and the wavelength multiplexing Hght which lacked 
the light of wavelength with a wavelength of 1.551 micrometers was observed by coincidence fi-om the port 11. 
[0055] When the port 10 was made to carry out incidence of the lightwave signal with a wavelength of 1.551 
micrometers at this temperature, from the port 11, the wavelength multiple signal with which this 1.551-micrometer 
signal was added was observed. Sequential part Kiwa length carried out by shifl:ing to long wavelength as 
temperature was furthermore raised. Branching wavelength became 1.553 micrometers in the place which became 
70 degrees C. 
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[0056] Although the current needed to be passed although branching wavelength is kept constant, and temperature 

needed to be made regularity by the approach using this heater 14, an average change rate is less than one ms, and 

was suitable for the change of branching wavelength, or sweep actuation of branching wavelength at high speed. As 

mentioned above, compared with the conventional selection wavelength branching insertion circuit, it is simple, and 

is small, and the branching wavelength change of the high speed of one or less ms was completed. 

[0057] [Example 5] The fifth example of this invention is shown in drawing 14 ■ drawing 15 . This example is an 

example applied to the wavelength adjustable selection wavelength branching insertion circuit, and is the structure 

which sandwiched the two wavelength adjustable grating arm waveguide 12 with two 3dB couplers 9. 

[0058] The plan in which drawing 14 shows the structure of this circuit, and drawing 15 are the sectional views 

according to vertical profile Une XV-XV to the arm waveguide 12. 

[0059] For an incidence port and 9, as for an outgoing radiation port and 11, 3dB coupler and 10 are [ the fluorination 
epoxy resin with which a core and 5 contained the up flanl^ clad and, as for a silicon substrate and 2, 6 contained the 
self-hold mold phot chromics material for one 10%, as for a lower clad and 3, and 7 / an incidence port and 8 / an 
outgoing radiation port and 12 ] grating arm waveguides among drawing. 

[0060] As a self- hold mold phot chromics material, although there were a fiilgide mold photochromic compound and a 
diaryl ethene system photochromic compound, the latter typical compound 1 and 2 bis(2 methyl (benzob) thiophene 3 
IRU) perfluoro cycloalkene (English name- 1, 2*Bis[2-Methylbenzo[b] thiophen-3-yl] perfluorocycloalkene) were used 
here. 

[0061] Although the produced wavelength adjustable selection wavelength branching insertion circuit operates in a 
1.55-micrometer wavelength band and is the same as 0.75% of relative index differences of a clad, and die length of 
10mm of the arm waveguide 12 and an example 1, the cross-section structures diBFer. [ core diameter 
6.5micrometerx6.5micrometer, a core, and ] Since it becomes the refractive-index adjustable structure of not only an 
up clad but a flank clad, this structure has the description that an adjustable rate becomes large only compared with 
the up clad of an example 1. When forming the up flank clad 5 of this circuit, the slot of this arm waveguide 12 puts a 
metal mask on the part used as a slot, makes a glass soot deposit, and it can be formed by vitrifying. 
[0062] The refi-active -index difiJBrence produced the grating whose pitch is 0.53 micrometers by 0.001 to this arm 
waveguide 12 with 2 flux-of-light interference method using excimer laser (wavelength of 248nm). Spacing of the arm 
waveguide 12 is 100 micrometers. It was filled up with the fluorination epoxy resin 6 which contained the self-hold 
mold phot chromics material which adjusted the refiractive index to this slot 10%. Actuation of the produced 
wavelength adjustable selection wavelength branching insertion circuit is as having been shown in the example 1. 
Both the transparency and return loss of grating wavelength lambdag of the 3dB band of grating waveguide were 
20dB or more in 0.3nm. 

[0063] It performed adjustable [ of grating wavelength lambdag ] as follows. The small xenon flash tube with a 
diameter [ of about 1mm ] and a die length of 15mm has been arranged in parallel with 2 arm waveguide 12 right 
above [ both arm waveguide ]. One of this lamp equips with an ultraviolet-rays cut-off filter, and it has equipped one 
more with the visible cut-off filter. 

[0064] The wavelength of each cut-off filter was set as 500nm. The driving gear of a small xenon flash tube is 
prepared, and it enabled it to irradiate the fluorination epoxy resin 6 which contained the self-hold mold phot 
chromics material which filled up the arm waveguide upper part with the pulse of ultraviolet rays and a visible ray 
10%. 

[0065] Incidence of the 10 Namita [ Shigenobu ] number firom 1.5505 micrometers to 1.555 micrometers was carried 
out fi-om the port 7 at intervals of [ of 0.5nm ] wavelength. At this time, light with a wavelength of 1.5505 
micrometers was observed fi-om the port 8, and the lightwave signal with a wavelength of 1.551-1.555 micrometers 
was observed fi-om the port 11. When the driving gear of the small xenon flash tube which equipped with the visible 
cut-off filter here was turned on and ultraviolet* rays flash plate light was blinked 4 times, 1.551 -micrometer Ught 
was observed by the port 8 instead of light with a wavelength of 1.5505 micrometers, and the wavelength 
multiplexing light fix»m which the hght of wavelength with a wavelength of 1.551 micrometers escaped was observed 
by coincidence from the port 11. When incidence of the 1.51-micrometer Ught was carried out fi-om the port 10, the 
wavelength multiple signal with which this 1.551-micrometer signal was added was observed by the port 11. 
[0066] This branching and insertion wavelength were held with non -power. The count of flashing of ultraviolet-rays 



7 



flash plate light was able to be increased further, and the branching wavelength from a port 8 was able to be changed 
to 1.555 micrometers one by one. Branching and insertion wavelength were maintained on each wavelength, and 
prolonged self-hold stability was maintained. 

[0067] Shortly, in order to make branching wavelength into short wavelength conversely, the driving gear of the small 
xenon flash tube equipped with an ultraviolet cut-oflf filter was turned on, and a visible flash plate light was blinked 
twice. 1.5545-micrometer Ught was observed by the port 8 instead of hght with a wavelength of 1.555 micrometers, 
and the wavelength multiplexing light from which the light of wavelength with a wavelength of 1.5545 micrometers 
escaped was observed by coincidence from the port 11. Branching wavelength moved to short wavelength one by one 
by increasing the count of flashing of a visible flash plate Ught, and, finally the branching wavelength of 1.5505 
micrometers was observed. Self hold stability prolonged on each branching wavelength was accepted. 
[0068] Thus, adjustable [ of the branching wavelength of arbitration ] could be carried out because only the fixed 
count of flashing blinks the flash plate light of ultraviolet rays or a visible ray, and self-hold of the wavelength was 
able to be carried out with non-power. Therefore, it not only carries out adjustable, but compared with the 
conventional selection wavelength branching insertion circuit, it can stabilize the selection wavelength now with 
non-power using self-hold nature. Since this circuit uses grating waveguide for coincidence, it has the description of 
being simpler than the wavelength adjustable selection wavelength branching insertion circuit which used the 
conventional array waveguide grid, and small. 

[0069] [Example 6] The sixth example of this invention is shown in drawing 16 - drawing 17 . This example is an 
example applied to the wavelength adjustable selection wavelength branching insertion circuit, and is the structure 
which sandwiched the two wavelength adjustable grating arm waveguide 12 with two 3dB couplers 9. The plan in 
which drawing 16 shows the structure of this circuit, and drawing 17 are the sectional views according to vertical 
prcfiile Une XVII-XVII to the arm waveguide 12. 

[0070] one in drawing -- a silicon substrate and 2 a lower clad and 3 " a core and 5 - an up flank clad and 7 an 
incidence port and 8 " for an outgoing radiation port and 11, as for grating arm waveguide and 13, an outgoing 
radiation port and 12 are [ an incidence port and 9 / 3dB coupler and 10 / a fluorination epoxy resin and 14 ] the 
heaters of chromium / golden vacuum evaporationo. 

[0071] Since change of the refractive index by heating of a heater 14 becomes large with the adjustment of the 
refractive index so that the temperature coefficient is large, the resin with which a slot is filled up is desirable. 
Although the temperature coefficient of the refractive index of a fluorination epoxy resin was -3x10-4, resin with the 
temperature coefficient of the refractive index more than this and an EQC was also usable. For example, they are 
rubber-Uke EVA resin (-3.3x10-4), siloxane gel (-3.5x10-4), polyolefine system polyol (-7x10*4), etc. 
[0072] The produced wavelength adjustable selection wavelength branching insertion circuit operated in the 
1.55-micrometer wavelength band, and although 0.75% of relative index differences of core diameter 
6.5micrometerx6.5micrometer, a core, and a clad and the die length of the arm waveguide 12 were almost the same as 
what was shown in 10mm and an example 2, the bigger wavelength adjustable range was realizable by changing the 
refractive index of the macromolecule of a flank clad with an up clad. 

[0073] When forming the up flank clad 5 of this circuit, the slot of this arm waveguide 12 puts a metal mask on the 
part used as a slot, makes a glass soot deposit, and it can be formed by vitrifying. The refractive-index difference 
produced the grating whose pitch is 0.53 micrometers by 0.001 to this arm waveguide 12 with 2 flux'of-light 
interference method using excimer laser (wavelength of 248nm). Spacing of the arm waveguide 12 is 100 micrometers. 
It was filled up with the fluorination epoxy resin 13 which contained the self-hold mold phot chromics material which 
adjusted the refractive index to this slot 10%. 

[0074] Actuation of the produced wavelength adjustable selection wavelength branching insertion circuit is as having 
been shown in the example 1. Both the transparency and return loss of grating wavelength lambdag of the 3dB band 
of grating waveguide were 20dB or more in 0.3nm. Heating of the heater 14 installed on resin performed adjustable 
[ of grating wavelength lambdag ]. Whenever [ stoving temperature / of a heater 14 ] was measured with the 
thermocouple placed on the heater 14. Incidence of the 10 Namita [ Shigenobu ] number from 1.5505 micrometers to 
1.555 micrometers was carried out from the port 7 at intervals of [ of 0.5nm ] wavelength. 

[0075] At this time, light with a wavelength of 1.5505 micrometers was observed from the port 8, and the lightwave 
signal with a wavelength of 1.551-1.555 micrometers was observed fit)m the port 11. When the heater 14 was turned 
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on here and temperature was raised from 20 degrees C to 25 degrees C, 1.551 -micrometer light was observed by the 
Hort 8 instead of Ught with a wavelength of 1.5505 micrometers, and the wavelength multiplexing hght from which 
the light of wavelength with a wavelength of 1.551 micrometers escaped was observed by coincidence from the port 11, 
[0076] When carrying out incidence of the 1.551-micrometer signal from the port 10, with this temperature 
maintained, from the port 11, the wavelength multiple signal with which this 1.551-micrometer signal was added 
was observed. When temperature was furthermore raised, sequential part Kiwa length shifted to long wavelength, 
and branching wavelength became 1.555 micrometers in the place which became 60 degrees C. 

[0077] Although the cvurrent needed to be passed although branching wavelength is kept constant, and temperature 
needed to be managed by the approach using this heater 14, an average change rate is less than one ms, and was 
suitable for the change of branching wavelength, or sweep actuation of branching wavelength at high speed. As 
mentioned above, compared with the conventional selection wavelength branching insertion circuit, it is simple, and 
is small, and the wavelength change of the high speed of one or less ms was completed. 
[0078] 

[Effect of the Invention] As mentioned above, if the wavelength adjustable grating waveguide of this invention is used 
as concretely explained based on the example, wavelength can produce easily the small wavelength filter and 
selection wavelength branching insertion circuit which can carry out adjustable, the thing using phot clo MIKKU 
photochemical reaction - the wavelength adjustable - and - although it becomes the optical wavelength 
semipermanent type device in which self-hold actuation is possible and must continue passing the heater current for 
maintenance of branching wavelength by the thing using a thermooptic effect on the other hand - several " the 
wavelength change using the high-speed response of mS is possible. Thus, the advantage which can build economical 
and small the equipment for wave-length-multiple-telecommunication (WDM) methods and a system is bom by using 
a wavelength good light variation device easy [ structure ] and smaU. 
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[Brief Description of the Drawings] 

[Drawing l] It is the plan showing the wavelength adjustable selection wavelength branching insertion circuit using 
the grating waveguide concerning the first example of this invention (the wavelength adjustable grating waveguide of 
this example is constituted by the up clad by the grating produced by ultraviolet laser interference and the phot 
chromics material.). 

[Drawing 2] It is a sectional view by profile line II-II in drawing 1 . 
[Drawing 3] It is a sectional view by profile line III -III in drawing 1 , 

[Drawing 4] It is the plan showing the wavelength adjustable selection wavelength branching insertion circuit using 
the grating waveguide concerning the second example of this invention (the wavelength adjustable grating 
waveguide of this example is constituted by the grating produced by ultraviolet laser interference and the heater 
arranged in the upper part of an up clad.), 

[Drawing 5] It is a sectional view by profile line V-V in drawing 4 . 
[Drawing 6] It is a sectional view by profile Kne VI VI in drawing 4 . 

[Drawing 7] It is the graph which shows the relation between (degree C) and branching wavelength whenever 
[ heater stoving temperature / of the device of an example 2 ]. 

[Drawing 8] It is the plan showing the wavelength adjustable selection wavelength branching insertion circuit using 
the grating waveguide concerning the third example of this invention (the wavelength adjustable grating waveguide 
of this example is constituted by the up clad by the grating produced by ETCHIINGU and phot clo MIKKU polymeric 
materials.). 

[Drawing 9] It is a sectional view by profile Une IX-IX in drawing 8 . 
[Drawing 10] It is a sectional view by profile line X X in drawing 8 . 

[Drawing 11] It is the plan showing the wavelength adjustable selection wavelength branching insertion circuit using 
the grating waveguide concerning the fourth example of this invention (the wavelength adjustable grating waveguide 
of this example is constituted by the grating produced by ETCHIINGU and the heater arranged in the upper part of 
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an up clad.). 

[Drawing 12] It is a sectional view by profile line XII-XII in drawing 11 . 
[Drawing 13] It is a sectional view by profile line XIII-XIII in drawing 11 . 

[Drawing 14] It is the plan showing the wavelength adjustable selection wavelength branching insertion circuit using 
the grating waveguide concerning the fifth example of this invention (the wavelength adjustable grating waveguide 
of this example is constituted by the up flank clad by the grating produced by ultraviolet laser interference and phot 
clo MIKKU polymeric materials.). 

[Drawing 15] It is a sectional view by profile line XV-XV in drawing 14 . 

[Drawing 16] It is the plan showing the wavelength adjustable selection wavelength branching insertion circuit using 
the grating waveguide concerning the sixth example of this invention (the wavelength adjustable grating waveguide 
of this example is constituted by the grating produced by ultraviolet laser, and the heater arranged in the upper part 
of an up flank clad.). 

[Drawing 17] It is a sectional view by profile line XVII-XVII in drawing 16 . 
[Description of Notations] 

1 SiUcon Substrate 

2 Lower Clad 

3 Core 

4 Grating Using Refiractive- Index Difference 

5 Up Flank Clad 

6 Fluorination Epoxy Resin Which Contained Self-hold Mold Phot Chromics Material 10% 

7 Incidence Port 

8 Incidence Port 

9 3DB Coupler 

10 Outgoing Radiation Port 

11 Outgoing Radiation Port 

12 Grating Arm Waveguide 

13 Fluorination Epoxy Resin 

14 Heater of Chromium / All Vacuum Evaporationo 

15 Grating Produced by ETCHIINGU of Core 



[Translation done.] 
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[0038] 0*. 1 iti^ '} =1 >S*g. 2 »TSPi' ^ 

^81. 7 «AS4*"- h . 8 »A*f h . 9 » 3 d B :<7 
-^7'^. 1 0«ai«*5j<- ll»HiW4<-h. 12» 
40 ^V-T- Hl^-^fr-M-MWrn. 1 5«nr©x-:;?^Y > 
i'tc J; 0 t i'' U - 7- -f > i^-C* -S . 
[00 3 9] gB«f#Ms^hi'P5-^i'W*4iUT. 7 

-^l. 2 f;^ (2^5^;l/--<>y (b) ^:t:7x>3 
A^) J^—-p)V:tOiyi;\:iT)\^irly (3||g:S :1,2-Bis[2-M 
ethyl benzo[b] thiophen-3-vl ] perfl uorocycl oal kene)% 

[0040] imLfcm&^^mtRm&f^i^i^xmm 

50 1. 5 5 tim(Or^S^m-cmi^b. =irS4MmX3M 



SSI 2<Dfi3 1 mm-C^-S. |plii§©±g|5^ 7 K?r-S 
SC5tt -C > X 5" -f > i^-C 3 T 3 <D±§U* TglJ /dit 

[0 04 1 ] f'PiSlO/ci^SpJ^jlWjSfi^iig^JfAllllS© 
[0 042] >i^j«SA.©pJ^iJlliS«WJl 

- A^iSK 1 2 Wfcieg L- . c n ^.-ii^ $ -sr ^f ^ 

fc. iS^S^PSO. 5nmn. 5 50 5/im*i61. 5 

tc. C:©B#. h 8*^e.«iSSl . 5 5 0 5/2m<D7fe 
*WJ3n> 7j<- h 1 1 *>6«jgfi 1 . 5 5 1 ~ 1 . 5 
5 3 um<D^m^ifimm$titCo 

[0043] C C-CpJta* h :7 ^ Jl/tSf-^S^apb/c/h 

§imi^7 7-^2^^3fe^4|51,sB?gt3-t±/ciC5. #-h8 
fCBjgS 1 . 5 0 5 u m<D76lCft*>-p-C 1 . 55 I urn 

(oytijmmsn. iHiB$tc^-h i 5 5 

1. 5 5 3 /im$-C^'fl:3-t4-SCi>&5-c#/c„ Sigg-C 

[0 044] ^mitmic^i^M^^^^icuy h^a 

1. 5 5 3 /Lim®3fetCf^t>-5t: 1 . 5 525 Mni©^fe 
5fe*WJ$n. llll#{C;i<- h 1 1 1.552 

m^-xmm&iicmsiiu. m^tfuc i . 5505 ^ m©^iK 

jg«3!>5lllW3n/c. 
[0045] C©J; ^ tC§)li1-l^*4l,s»pJtI^i^©7 5 

->^7fe^-^©.^.?sigis/ci^.'^.igjsH*e c i-cii:^© 
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^vm&^mnxmi^j: r> hmmx/imxh^t\.> ^ 

[0 046] immm^'} ■if-mm(Dmm<Dmmm^m 1 
1 ~0 1 3 iCTj^-r. m&'^m.mvm&^i^ 

»A[5|8gfCj£;ffltfc«^-C*0. 2*©^SdJ^4/'U— f 
>i7'7'-A^?g?SSl 2€:2<1©3 d B*-^7"-5 9-C^ 

10 A.tmm.x$>i>, 

[ 0 0 4 7 ] a 1 1 «c©[5i3§©^jg;£^r±a@. la 

1 2»T-A^iS8Si 2Ccaii::^|Si©ttrBi^xri-xiitc 

J;^»rffiS. 01 3«i:$:©T-A^ig?SSl 2{CW:^ 
[^©WBIgxiii - xiiicc J: s W ® * ^ „ 
[0 048] acfj. 1 «ix ij 3 2 IJTSBi' ^ 

h\ 3W3T. 5U±.m^m^'7vY. TBAW^i^- 
h< 8«AS^d<-h, 9 » 3 d B -^'a- , 1 0 »hB*f 
5i<-h, ll«ajmjJ<-h. 1 2»i''u-T--f >^T- 
A*«!§. S{txji<^- '>8}fl|. 1 4 tt □ A 

20 /^^•©t-d'-. 1 5«3T©i»>'9^-f >i^(Cj:») 

[0 04 9] C©«3^«^Sfe0«2r7nL/cfe©il3)G/l 

2<Dmmx$>i>. mmm2ximpmfm(<cj:K>:E^ij 

■5';^©M»T**^t)-r*>ccA*<)^c^^s^?rffli^t:, cn 

i4>tC^©?ggf;^tft*37*CtfCHt£\ t-^?- 1 4©Jnl^ 
[0 050] 7 ^^S^fbx^+S^mjlg 1 3©IB»f*©SS 

^mt-3x I o-'X'hi,-^K c n i i5j^ji^±©®»f ^ 
©jaisi^iii^^j^o^ijflife^fflojtir^o/c. M^tf, =1 

At*:EVA«}fl| (-3. 3 X 1 0-') , i'P+■t^>y;^ 

(-3. 5 X 1 0-') . si<U:tU7-r>3^jj<i;3h-;i/ 
(-7X1 0-') ^cir^-s. 

[0 0 5 1] {^SSiL/c}SSnI^3MJRi^g^iK}fA|5I?gl* 
1. 5 5 (imOm&^mxm'^L. 3rS6. 5MmX 
6. 5 Mm. ziTti'^y [^(DttmtfT^^O. 75%. 
40 T-A2*j^8§l 2©S3« 1 0nim-C*€>„ 

[0 052] |5ISS©±g|Ji' 7 K^-gjKtDtt>f 

^icwj>:^v^=^m^^hx. Js^c;tt-r5^>i--»5=•-^ > 

i^rt' 7 5^/05 0. 5 Mm©%se<J^£4^U-f-^ >i''€r0 

^L//co c©yu-7-^>^g|J^^j^i.r. ±S|J^'5-^ 
K*Wf1fSit//c. C©Np(CT-Aj9ig?ilS±S|J{c^JR-5'>^ 

[0053] {'PMl//cigftnI^iitRjeS55'iKjf AlilifS© 

50 m^ktmmmnc9n\yfc^*ix»>^, t^u— 



9 

j^5S©3 d B©^1|(»0. 3nm-Ci^U-f 
A,(Dj||jt*sJ:0'JS»ti)S«»«i4)fC2 0 d BJ^iir* 
-otco - ^ -f > i^iSS A , O pj^«^)!i±(cs;@§ 

fllB^ae^tt t - ^ - 1 4 ®±K:g*>n/cf|ft«*t(c J: S'J 
SLfc, iSaP^PSO. Snm-Cl. 5 5 0 5 Mm*i6 
1. 5 3 /Lim3:-C(D6jg^fifl^?:;i<- h 7*:.6AS^3 

[0 0 54] C©B#> d<--h8/{)^6»iSfil. 5 5 0 5 
uin©^*WJ$n. h 1 1 A:>6«i^S 1.551 
~1. 5 5 3Mni©7tft-^J!)WJ3n/c, CCrt-^r 
- \ 4<DWl^^Kti. aK^2 0'C3!p?>4 0*C*-C±# 
^K- h 8JC«igfil . 55 0 5 Min©7fe 
iC^t>-^X 1 . 5 5 1 /imCD7t:*S||?BiJ3n, |3IB$CCd<- 

h 1 1 *i6lij&fi 1 . 5 5 1 u.ia<Dm&(DHti)iX^l^fc 

[0055] ccDSSrd<- h 1 0 feigns l . 5 5 l m 
m<D7lc{i-^^AI1S#.5i^- h 1 1 i)^hUC<D 1 . 5 

5 1 ^m(Dm^ifi{im^txfcm&^m{t^i}mw\ttl 

»SjSS{C->7 h l^r^if-otc. 7 0 °C{C&r>/ci 
^^&&it 1 5 5 3 umttj:^tCo 

[0 0 5 6] (Kon-^-i 4^m^^fcyjm-c\t^m^ 
[00 5 7] cmjfe^5 ) :^mn<DmE.(omMm^m i 

■ilyi^T-AmmSl 2?r2ffl©3 dB*-:;7'^9-Cj(| 
[00581014 »CCDiagS©flli6«r^r-r±ffllSI. @ 

1 5«T"A^?g?s§i 2K:Sii::^rni©»fffii^)(v-xvfc<fc 

[005 9] 0*. l»2^U=J>affi. 2«Tg|5i'7> 

'•J^ h i'P 5 i>m^^ 1 0 •;'^^bi^+i^ 
mm. 7»A*f^-h. 8{iA*f'-i<- h. 9»3dB;<7 

u'^/'^, io«ai*tJK-h> 1 1 «tm*sj<- i2» 

[00 6 0] h a 5 2- ^^f^^sfi tT, 7 

^^\. 2 f;^ (2p<5^;l/-~«i>V' (b) 9^3^7I>3 
)l) )l:ttiiyi>\:ir)l^y (35lg^ :1,2-Bis[2-M 

ethyl benzo[b] thiophen-3-vl] perfl uorocyclcal kene)4 
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[0 06 1 ] imbfc^^ujmmvms^imxmmit 

1. 5 5 um<Di&&T^mvW)i'^L. 3TS6. 5ymx 
6. 5 urn. =iT<bi'7 U' KOibBW^MO. 7 5%. 
T-A»-«[8S1 2 0fi$ 1 Oinmt||«!l«»ll ilSlO-r'* 

2 (DMit C ©I51ISCD±grojgi5i' ^ K 5 ^JfJ^S-T -S^fC 

[0062] C<Dr-.l>mm^ 1 2 fCffl*f^M*SO . 0 

0 1 -ff-;; 9^*5 0. 5 3 y mCD ^ U-T" ^ > i^^rx+t^ 

tf (i«gS24 8 nm) ?:ffll^/c23fe^Wa-Cf'p 

iiufc, T-A^-^ssi 2(Draps«i 0 0 Mmrab^. 

1 0%$WL-/c7 '>lS{tx^=^^i^^B§6*^aL/ 
20 dBCD^lS«0. 3nmXifU-r -ily if m& A, (DM 

m*sj:^mmmMitii>ic 2 0 d Bii^±-cs>o/c. 

[0 0 63] ifly-y--<>if'<&S:?.,<Dojmt'A(0<i:'!> 

1 5mm<D/jN^+-fe>'>:7-7 2fi/j>.^>7'%2:^^T-A 
^ig?!§ 1 2 (C^^TiCgBg Lfc. C © ^ > 7'® 1 

[0064] -en-en©* by -t ju5f-©jg?s«5 0 

30 m^S'S:mmLX. ^^1■!^ipI^ft7^©/^•J^X4T--A 

1 0 ^^tx iii^ >>«J!i 6 tcMW-Clr 5 J: 

[0 0 6 5 ] j^fiP^PiO. 5nmri. 5 5 0 5MmAi 
hi. 5 5 5 Mm$r©l OiS?g^m^#*^- h 
ASt^-ti-Zci. C©B#, h 8 7!)^6«i«S 1 . 5 5 0 5 
nm<D^i)mm^tl. ^- h 1 1 *>»5>»jSS 1.551 
~ 1 . 5 5 5m m©3lGft-^*5tlifJ$nfc„ c crwrts;^ 

40 7'©fgltiSlg©«^g^An, m^Uyy •y'>':^±^Ar^ 
^Mi^tctC^. h 8 {C«?!j^S 1 . 5 5 0 5/Lim 
O^mtoor 1 . 5 5 1 /Ltm©^*WJ$n, |B]^(C 
M 1 *»6»?«S 1 . 5 5 1 uxaOm&omifitk^-) 
fcW.fS'M^ii^WM^infc^ h 1 Ot&i^ 1 . 5 1 y 
m©5fe^A*fS-a-^iJl<" h 1 1 {C«C© 1 . 5 5 1m 

m©«-^*s#»ns n/cjes^am-^^^iiS'j s n/c. 

[0066] {:©^3-iK. »Ai«S«*8^-C«J#3n 

/Co ^(Di^MM^^ 3 6 tc tf-tf U r > 

h 8 *i h<D5^m<&S.^m-X 1 . 5 5 5 M m * r^ib 

50 ^^i^ctifix^fc, ^mSiX^i^i. nx^mt-vm^ 
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[0 0 67 ] ^StJit^C^il^jSS^rSigSJC-r S/cJ* 

a -7 > ■:f<DmM^s<omm^xti, njtio^ 5 ^ 

*^*2I5|AM§-li-/c, ^-1-8 tC»jgft 1 . 5 5 5 tx 
mO:>^lCVi.t>'^X I . 5 5 4 5 /im<D3fe*stlfjJ5tl. 1^ 
B#ic;i<- h 1 1 1 . 5 5 4 5 M m<Di«?fi©7fe 

1 . 5 5 0 5 umo^i^m&^^mm^ti 

[0 0 68 ] C©J;^CCSg?fi^*2,l,^Jnim:^^(D7 5 

[0069] Cll*fe«^6 D *^i!g©^A©SISS«a|*EI 1 
>^T-A*i^Sgl 2^:2<i0 3dB* -:'7'5 9-Cjl5 

^/c1iji■c**. 01 6»c©igiJS©«f3S«:n^t-±iiD 

0 1 7 «T- AeSiS^SS 1 2 {CSiK:^r[6l©»TBiSXVII 
[0 0 7 0 ] atfi© 1 3 >atg. 2 ItTSPi'^ 

8»A*fJ^■-^. 9«3 d B;^ -;'77< 1 0 «tii*t 
Jtf-h. 1 2«^^b-T--r >^^T- 

Aaij^SS, 1 3 «7 y ^^bi^+ v'gjjjg. 1 4 « i7 p A 
/^^© b - i» - -C* 6 . 

[0 0 7 1 ] mic%mirhmmt^<ommm(om^^t 

«^bi7j<+'>«Si©®Jf^©Se[^«- 3 X 1 0---C 

*>figfflpJtg-C*)-^/t. =fAt^EVA^fl§ (- 

3. 3X10 *). (-3. 5x1 

0--) . jJ<V:d-U-7 Y>i^;J<'J*-;l' (-7X1 Q-*) 

[0072] imbfcmm-^^mtRm&^i^nx^mit 

1. 5 5 nm<Dm.&^^-vmi1pL. arSB. S/zmX 
6. 5 Mm, arii^^.;, K©ltiaJfJ^^0. 75%. 
T-AjgjgSgl 2©S3»1 0mm<!:|ISg^iJ2(C^Lfc 
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[0 07 3] C©T- A^j^SS 1 2©?«»C©|5138©± 

fcmmvffi>, coT-Amm^i 2icmifrmmifi 

0. 0 0 1 rf -:;^*SO. 5 3 /Ltm©^yu-f--f 
x+~>-7U-if (}gfi2 4 8nm) im(>>tc2^M^m 

m-cimLfc, T- Aziisss i 2 (ornmt 1 0 0 ^ m-c 

C©«(CSJ/f$^iS^L./cgE.«}#§a;^ h i?C3 5 
10 •;; i7 1 0 %#WL/c:7 v^YbisJ^+i/^flg 1 3 * 

[0074] imLtcm&'^miRms^mmxmisco 

j^SS©3 d B©^i|!c»0. 3 nmri^U— 7--/ >yj^S 
A,©ffijateJ:i>*SWMSa«<t4>(C2 0 d BW-h-C^) 

1 4©;jPl^iCj;Dtf -o/c„ b-^-14© 

fin^siStt t - - 1 4 o:>±icm.t^tifcmmMic j: k) m 

MLtCo m.mmfmO. Snm-Cl. 5 50 5 um*i6 
20 1. 5 5 5 Mm*t7© 1 0?g^*«-^;&^- h 7 7!)iP>A 

[0 07 5] C<Dm. ^- h 8A^6«igSl . 5 50 5 
UTa<D^/>mm^iT.. 3i<- H 1 *>6«i^S 1.551 
~1. 55 5 iim<Dytm^ifinmStlfc, cc-ct-^ 
-14©mi®?:An. SS*2 0°C*i6 2 5°C*-e±^ 
$-&/ciC5. !J<- h 8(c»ig^S 1 . 55 0 5um©?fe 
(Cf^^Do-Cl. 5 5 1 um©5fe*«J3n. llIl^fC5i<- 
h 1 1 3!)>6«jg^S 1.551 Mm®jg?S©3t*s^l:f/£:« 

30 [0 0 7 6 ] C©©^^:/^!^^^^^*. ^- M OA^e> 

1. 5 5 1 um©ft^*Ait$-a-/c<«:C6, !i<- M 1 
i)^lbitC(Dl. 5 5 1 wm©ft-^*H^»D3n/ciSS^* 

m&it&mAiCiyy hU. 6 O'CfCi&o/tiC^-C^iliS 
jgSWl. 5 5 5 /zmt^Cofc. 
[0 07 7 ] C©t"^f- 1 4*m^/c7^SrK:9-iKiS? 
S?r-StC^o©ic^iJ[E^iil£L-T> SJg^«Il-rSiiJ>S 
T±^©^«3#;ijiS« 1 5 •;#Jiirt-C*«5. 

40 icrnvxi^^tc. a±<DJ:'!>ic. Se*©3M!Rj^S^iS^»A 
HSStctb-^r. #*iBTvjNMr«> «3 . 15';#UT©iSjI 
©j«?fi^»3m*^-C#/c. 
[0078] 

[^B«©59!i^] Jii±. mmmicm-^i.^-zM^micmmL 

7lLlt^SlS?:fflli/c^fc©r», j^SBj^-C7!)io@B{SJ# 

50 f^it^m^^m^^ic^<jyc\%5^msL^<oiimK\t\z 
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- ^ -SaE*i3S l,mvt UlitiHtj: hUK^Hi. ^mS<Dm 

{CctOig?^w-c/j^©jjgs^*aim (WDM) 
mi] ^§i.m<Dm-<Dmt&mic%i, ^i^-f -< yif'm 
mnm u -if-T^fc j; o f'FS? 3 n/c y b - r- > ^ i 

[03] a i«®KffiSiiii-iiitcj:^EKffiia-c«>-s. 

u — tf - ^^(c J: 0 f^M § n b - ^ > i 
ri»^. ) , 

[05] @4it3©^t)fffii^V-V«;J:S»iBE-c*-So 
[136] 04ct3©8lT®iavi-vi«:J;SttrS0-C*-5, 
[07] jlS6F!l2©7'^W;<©b-5f-»nl^S]K CO 

[08 ] :^nm<DmE.0mmmicm^ifi^-7-^ 
0-c * e ( :^mm<Dm&^ y u - ^ > ^^^isafsw 

[09] 084'©»ra«S5lx-lx{CJ:S»rffl0r*^. 
[010] 084^©»^M*gX-X^cJ;S»fffi0-C*So 
[011] *»BJ©mE3©3l)!ifeCfiJtcfi^^d^U-7--<>i^ 

M0r * s jltfe0!l©?g?«pi^ i^\y-7-^> ifmmm 
t>=yvv ©±gp(cieg o/c t - - tc J: 0 niSL^ tvri> 

[01] 
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* [0 1 2 ] 0 1 1 tti©»iSilfcai-xii{cJ:^,»rffi0t?* 

[0 1 3 ] 0 1 1 f ©iiffiieixiII-xilKC j;.5fW®0r 

[014] >|i:«H^©^£©IIJg0i|{C^€)i'U-f-^>i' 

H0-CA€. (:*:|IS6^J©jS?«Bj^i'U-f--< >y^j^Sg 

i!^ h p 5 i^ig^5-^tt*4{c J: S±g|JpJg|5d7 ^ 
10 J:«31f^3n-Cl^So ) . 

[0 1 5 ] 0 1 4tf©«)Tffi^xv-xvfcj:S»TB0-Cd5) 

[016] 3|!:^H^©mA©ilJiM(c<^-5y U-f- ^ 

nrt^s, ) . 

[0 1 7 ] 0 1 6cti©»rai^xvii-xvi«cj;^»fB0-c 

20 

[?f#©SiH^] 

1 ixU=I>»fiR 

2 TSPy^-^'F 

3 3T 

5 ±gPffliJg|Ji7 ^ K 

6 SE^^Mjf> h^UZy 1 0%^WLit7 

7 AS^d^- h 
30 8 A»fjf<- h 

9 3dB*"-^:/-7 

1 0 mm^^- h 

1 1 tbSt!i<- h 

12 i^U-7"-/>yT-A2iEig!§ 

13 7 •^misJ<+2^W)l§ 

14 ^ P A/^^,#©h - 3? - 

[02] 
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